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Production.

Although tho moot common us. of prcaimity-focueed chaanol inteneih tuba (CITS) ie u optical

image ampli6en, ●Aectrical gating allowo thcm to ha uod u fad ehuttuu. Excspt h gatiag,

however, the docts d impaing transientor pulsed cbanga on CIT biaaa hwc reaivod little

attedxi in th~ Litamtum it would b. deeirablo in many spplhtioae to attaintho maximum

pouiblo gti, but not at OQ expmse of mdwod oignsb~noise rstio (SNR). In tho uperimnta

deecribed here, w wd pulsed biaeiag to inawse gain; our meuuremonts show s mukod inemaee

in gaia over thg dc gain without tha incroeae k ektronic noiee and rick of dama~ thst highu dc

pohntids create,

By rising ● rihnplified UAYA (No.], Cake, and Mnks, 1987), w. cm show thst the current dwity

at tho input to tho micwhannc] phtc k

J -I ~(2es/m)l’*lVk + V, Ii@ , (Vh + V,) <0, (1)

In Eq. (l), nt &th~ volurm dmsity of tha electrons e k the electronic chargq m h tho electron mue,

VbIn tho photocsthod. biu, and V, h the %toppin# voltage required to prevent all photocsthode
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ebctrons i%om●ntaing tho MCP at earo biM. ‘X%.●beoluto valae of V., typically ●bout 20 V (Levi,

1980), M● and &ectbn of VI for namd ●pplied bias.

F= our purpoees, the 6ret etage d ● CIT coaeieteof the photocathode, the MCP imput up to the

bt paint where ueentidly all of the entering ●bctrone have caused eecondary ●miuion, and the

gap between the photocathode and thie point.Geometrkdiy similar to ● mcaum photodiodc, thie

etsge &o =te Iihc ● photodiode electrkally except that th. cument hving the MCP input is not

identical to the photocathode cwrent (= itwoz!d be for ● photodiode anode). Inetead, the cument

m multiplied by th~ tit+tage eecoadary-emieeion rstio, 61, of the MCP material; 61 ie ● function

of the primary-electron ●nergy, eVk.

Eberhrdt (1979) has shown that MCPS behave somewhat like diecrete-dynode photomultiplien of

n ●tagec, such that the electron gain h C = 616m-1 , where J ti the eecondary-etiion rstio of each

stage aftar the tit. Under normal operstion coaditione,the gti relationship cam be approximated

b

bg G = k(n - 1) bg(Vmw/nVc) + bg 7(Vh/V’)k ,

whicJ m lbeer k ● log-log pbt of G venue V=, for ~omstaatVk. Xn Eq, (2), k is s consk’ut

deecribimt the curvature of the eecoaduy-emiuion function, V- h the MCP bbe, V. k the &at

croeeover potential (where the eecoadary-emiuion ratio is uity), and q b the baction of the

MCP input ues that will sccept the dectrone fmxn tha photocothmk The fhnctioaal dependence

of 13q. (2) holds untilthe MCP etarte to eatur-te, Such saturation may be canal eithu by a

surnciantly high current flow (opecuherge buildup) to reduco the MCP’S ekric 6eld ai, dkutly

or by charge depletion in the wane of tho micmcspillariee. The ‘dynodoW epuing ie a constant

given by s = L/n, whue L is the length of :ho chaanole, Note from Eq. (2) that, K VW, ie tied,

*ho wall gub of the n- 1 etaga folbwina ihe bet stage ie &o kd; the Sret-stqe gsin depends

Oa Vh.

The lumbeecent iuteneity, L, of ● relatively thick lAyer d phmphor” b related to the wcelsrtikg

(2)

“Relatively thick’ byen en mom thm sbcmt 2 pm thick; such layon cansetho hnpin~mg dtctrons t~ Riv@
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voltage between the MCP output aad the phoephm Vfi, by the expreeeion

L = ~(i)(Vpk - Vo)p , (3)

where i b the iosteatanecnu current etriking the phoephor, V. iP a threehold potential kacwa u

the dead volt age, ead p m ● munber betweenone and two describing the exponeatid dependence

of the p~icuhr msterid raponse. (Curie, 1963) The function ~(i) b linear for mnall current~ -d

tend to saturate et high cment densities, especially for km-energy electroas.

A. Bias ad Current Limits.

The CIT mquha C1OOOspacing between ~he photocathode and MCP input to achiwe good focue.

For s typical pacing of ●bout 0.18 mm, Vk ie limited to ~bout 200 V. This value is lees thsn the

breakdown voltage of u ideal gap becmee of nonuniform spacing caused by imeguluities in the

photocsthodo mrfece. Field anieaion &oxa tho ‘high” points ~ give ●nough deetrone to danmge

tho MCP input. The phaphor requira high accelertiiag potentialfor good lnminacont ofkioncy,

eo the MCP output--phaphor spacing m larger. typically shout 1.2S mm. Thk qxcimg limits

V@ to ●bout 5 kV,

Neither chsrgQ depktion nor 6eld collspoe m th~ MCP=to-photocathode gap duo to luge rpua-

chuge cunent m likely to caaee the photoathodo current to saturate in CI’1%. Well before ●ithu of

theea ●ffects occurs, th~ reding MCP output current will becom. uceeeivo. Ddructivo current

dow in the MCP cm rault from ●ither excedvdy lUSO photocathode current -t a normal gain

or excadve gain, Tho latter rwtricts tho maximum dc Vohge urou tho MCP to shout 800 V.

Excessive carrent flow cm cre~t. s d~ed cpot in th. tub. by destroying eeverd adjacent micm

cspilluiee, IrIu extrenm can, tho ontim MCP cm be deetroyed, Such dsm~ge may bc cmmed

by bcalised Overh.aAhtg, probably IMU tho output ad whore tho cment density ie hJghest. On.

mason wepuke the MCP (or th~ photocmthode) to increase tho cyctem gain is that MCPOoperating

up m ●ppreciable fraction of theh eaergy ItIthe phosphor msteri~. WQueed a CIT whoee j%20 phaphor

stratma w- 2s-S0 pm thick,
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at low duty cyclee can tolerate output-cament dmeitiee that would be deetrmtive if the tubes were

operatiag continuously at thooe current densities.

II. Teat procdurem

In our experhmnte, we ueed an ITT type F4111 (111-mm+lixn ective ems) with ● P-20 (green)

phoephor and an S-20 photocathode.

To detemnine the relative CIT gain, we measured the output with and without puleed bies voltage

under three operating echemee: (1) tied V~m and V* with puleed biu edded to Vk while vasyiag

the dc level of v&; (2) 6xed v& with pulsed biee added to the MCP de biae while vmying the dc

level of V- ~d Vfi (their sum rem&iag conetaat); and (3) tied Vk and V~m while ~iag Vx.

Figure 1 m a schematic diagnm of the CIT teatconfiguration.

Insert Fig. 1

A short- duration (- 9-M full width W,half-maximum) nitrogta-discharge iamp eerved w the light

eource. The pdse genemtor that provided prim~ timing for tho teot eyetem eerved both to trigger

the lamp md, through ● eecond slaved pulse genmator, to taiggor ● gate pdeer md aa oecilloecope,

We djusted tho timing eo that the light-output pdee occurred in tha cents of the gsko pulse. A

mdiometu monitored th~ phoephor output.

Tha puleed-biae eource wass model W7A gat~ puhcr which wu deeigaed and fabricated st the Loe

AJanme National L&orsto~, It k an ●mlancbe=trsasietor pub. goncrstor wlmee puh amplitude

u -260 V ead whoee pub. width b d~termiaed by m attached cher~e lim, We 6xed the pulee

width A 660 ne throughout tha teet” . Ia practice, th. gat-puleer output wu connoct.d to citber

th~ photocstbode or tbo MCP. In the former cam, tho nogative=polarity pulse wae qusre aad flat-

topped. When connected to tho MCP, the pdee wu inverted to poeitivo by s pulsetrmefonner.

Tha reomlting pulse had ● doping top bocmue of the Aon-dc rospoase d tho inverting trsasformer.

●Tl& pulee width wu long enough to anmwe etcsdy-stmte turn-on of My sample of cIT wo wer. libely to

test TIM tde Wo mctudly wed tw’aedon fully in shout 10 ae.
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A. Pulmci btu ●dded to V&.

The upper curve in Fig. 2 m ● plot of signal unplitude versusVk for the CIT. Vk consists of two

~: the dc bias, which w- tied from -200 to +3(x) V, aad the -260-V pulsed bti Erom the

357A pulser.

hseti Fig. 2

The akiut u labeled with both the dc due, which wu detmni.nad accur~ely, ud the total

value, which kludod an estirntie of the 957A output.

Fa VOV Lugs totalnqa.tiva Vi, the CIT wu operating well beyond the biu limit ●stablished

by the tub~omponent epci.ng end photocsthode m-fueuniformity mtima, !U fut, with the

357A pub added to tho 6xed bias, s pai~ivc dc re~ bi.u WM rquhd to bring tha total to the

A.ibratod value of -180 V. In tliemode, the tube wu gakcl on only during tho 660 ns of tho 957A

pub.

Comparing tht output ci~al ti Vh = -180 V sad that bom tho highs? total biu xhievd, 450

V, shcws ● gain increuo of shout SO%. Wo obearved no SNR degradation, ncr waa ● bukgrmmd

ckm im~ ovu the im4Q pbm. The low duty cycle (b~t S x 10-7) for the pulsed part of the

biu provtiod little cmrgy for dditionm to the noiM chuuterbtic” oetablkhwd by the dc biasw.

R-all that the f-ud mction d s CIT ahou.bd~t Kho● photdode multiplied by tho llrst-stage

gsin: nemdy, the -ondary-an.kion rstio, which u a function c4 Vb. If we dhid~ the upper c-e

in Fig. 2 by 61, we *onld obtain A photodiocle cmrw. We did thb using J w ucolersting p:tentid

dti~ k SiOa gk (SUMIIgaT, 1971) combimed with d~a on 4 w ucclerating potantial AL 10°

gradng iSCkhnCO -d Itondw (aOff and Hondee, 1947) Tht resu]ting ]-U Cm in Fig, 2 •~~~

vay wdl with the pmdktbn.
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b l%. (1) UP ~ the pokt ~h- tha pho-hde cwont wurtis. The cument deneity iJ

proportional to tha output XSI in the kt eetup, provided the experiment geometq ie 6xed ●nd

pmmided the tuberomaineboar through iu Actron mm.ltipLicAcm and ehctron-t~light conversion

stag-. IQq, (1) caa be rwwrittea in tarme of signal u S ==BIV, + V&ll/2, whom S is the tignal

output mad B h a Propationa.lity ccm.stuk. By 6ttiag a quar~roct function through the datq we

Ind the value d B to be about 1.8.

B. Pulsed blm ●dded to V-.

Became the MCP k the electrcmmultiplier for the CIT, the dominant effect oa gain by pulsed

bluing should occur when one variee Kmm. When we operated the MCP of our p-icular tube a.t ●

dc biu greater ths.n the fac~+pectied nom.insl value of 686 V, we found s cteady increaeu, with

inaeuing biu, in bacl~ound * km the phaphor. ItWC.FAvbue that, under these conditions,

further ina.ues in thodc bk WUM cauM n~ only tho SNR raiio to deteriortie quickly, but also

the tube to fti.1 Fcg th~ re~,wo Wtod the dc componant d V- to 775 V, which k 25 V

len thm the sbolutc mukm.m speded by tAomandaduru.

Figure S mmmtiee the fetiurw of the puked VW dst~

Insert Fig. 9

Tho lower curve showm thd imcmued de bh (but with ao pulsed compoacnt), remdto ia gaia

kncn~ eomewhat UQk thsa a futa of tsn au tho pr~tkd rangQ of MCP bti, WQ caanot

dkectly compue the A*P d tba gmia fanctioa with tht wpme.eion of Eq, (2), kaun tho valu.

af V* deUQaMO u Vmm Locmm, However, tho ahspe dou show the greatu-than-lincmr recponm

~ical of abectro+pticd dcvica whh cktron.multiplying stagct.

no Up~ CWO h Fig, S sh~ ● dgdcaat gdn inagQM wh~n 260 V of Pdd biu b add~d to

v-. Although iho dc bk WM varhd UWr t mace of oaly 225 V, tha had d the @8d pin

facn&M tppt~ combtmt wkh th~ d tho kwer c-; iA, n mtmpokd wt&nate of tha duc

d tho lomr curve A 010 V ~ srfth tho ~tual duo, on tht uppu curva, wham the total +iu



u 810 V. Also, when we added tlm 3.87A pulM to Vx, tho bukground, including the inaeued

noise and the glow normally okrved at higher de bk, did not change measurably. Like the

pho~~hode, then, the MCP c-m be operti WOLIbeyond its dc-biu nnge with no now increue

and no measurabb devico deterkrat ion.

TIM upper curve reaches a limiting value of mignd above ● dc biu of 675 V (total bio.o ●bout 935

V). Because the value of Vfi decmuee ttedily u the ve.lue of V- increma, the saturation of the

mignal cumot be titributed unequiwcdy to MCP mttustion; it conld be caused by saturation of

the phcnphor or by spu~harge limiting in the phosphor-bMCP gap. For thie reuon, we ●xplored

the effects of vmying Vh while keeping the other biuee kd.

c. varyingv+.

The nearly linear cum~ in Fig. 4 u a plot of the light ontput when VM iJ varied while the total

VdUO Of Vmm b fixed at 9S0 V (666 V dc phte the 357A pdM).

Insert Fig 4

Vh wu kept at -160 V, whcr.as w. oobctod for V* an nppor limit10% &vo tho tub. ~~Mcations.

Whm Vb snd VA u. 6xA, th~ arrant at th~ output of tho MCP m constant fa conetmntf.nput-

light amplitude, m Uy incro~ in ph-phor output dgd hom pti bi- ie cad by incroued

Actron onmgy thti Iuu.lts k incroas.d V*. Th figura shows that ma s mnge of about 1.5

kV tho phoephor mopon& nomly karly to tho incrod electron ●narw. Thus, fm V- 6.xod at

950 V, thus M no smurstion, not wan fm Vti M bw u 3,7 kV.

EquMion (3) dacribat &Q CIT’C ruponoe to krmJod e,ccdarsti.ng pottntial ~ou tho MCP.te

phoophor S*P, Tht linwity d.k;!s?i in Fig. 4 impl.k th~ th axponont, p, k spprc=imm~ ~ity

f= thh hvim, w the qmstion CM h mwrittan in - ~ dgna.1 M S = C(Vfi - VO) , whcm C u

constud, WQ An uaum~ VP > V. fm a,ccokorating potcntiab in tho kilovolt r~so. (Curio, 1963)

Wc th.n ham S - CV~ . W thoce dat+ C = 200 unAtJ/kV.



8

In Fig. 4, the data pbttd for %arying V-p’, am the dsta from Fig. 3 for which both V-p md

Vti had hen varied. Like Fig. 9, Fig. 4 includes &he S57A pulse as put cd the htal Vmq. ‘The

data-now plotted M s function d ph~phor vcdtageatill show the mturtiion. ‘I’ha mmaing point

of th~ two curv- ia where the tube cond.itims - Lientkal for both datm ar~; the corrapondence

cf all threep~arnetem (S, V-, VA) indic~ comect normaliastion.

The data belo= and to the ~ht of the %arying Vmm” cure display a rapid decreue in S u V-

decreases. This behavior is consistent with thti predicted by ~. (2). For thin example, Vk ud V=

are constaut ud k varies only slightly over the range of V-p encountered here, ao the equtiion

can be mitten

s = lqvmv)~(”-l) , (4)

whare D incorpomtes the conrtant terms. Equation (4) asmma no change in Vfi, and there is

no change fm the pair of valuu at cub position abong the skim.s in Fig. 3. The only paruneter

difference betw~n the abscina valu~ (one Erom the upper and one horn the lower c-e) m the

357A pulse prasent on Vmq in the %th pulser” c- md not in the other. We can utimate the

uponentid dependence of the cxprauion by tding the ra.tioa of sovaral of tho pairs of vala-,

~ vuioua VA values along the sbuiua of Fig. 3, to dttarmina k(ra - 1), W* did thisfor valnes

near the I--VA cnd of th~ ma where w okrvwl no flskn.ing in th~ mppwtune, snd found

k(n - 1) m 9. This ninth-powu dopmdonco of tho dgnal on VW cempletaly dorniuakaa the tit-

power dependanca on V-. This cam ha ma chuly in tho k-right data (VW c 686 V) in the

-g ~’~” CH of Fig.4. In th appdaft porkn (Vw >686 V) of that cu.mo, howuver, the

rngnal Iim.iti, not inawuing dcqiti incmh VW. Our conclusion, based on the ctrong dominnce

cd Vmv on the signal, m th- the MCP gsi.n wu limiting.

ThQ uae d pu.ld bi~iag to &cm_ the gain is Iimitod to mlativety dort duty cycbs. We -d

O* om pdsa width (680 M) aad s low rcp~tition tia (10 ppa), We did not try to bd the point ●t

which tho duty cycba bmow uaaiw. W. Ao did not hmw svailablt mMcimt pulme mplitude
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to extend the total biaa to saturation (or tube failure); only the MCP appeared to saturate. Indeed,

the ph-phor output waa linear up to the maximum avaihble biae.

In practice, one could use pdeed biaa in M many permutations aa itu Possible to superimpose

pdsee on the dc biasee. For example, one could aee kwduty-cycl~ optical tranaienta fall within the

~dow” creaeed during the pulsed bias. Aa another example, one could take short-duratioa dices

out of long-duration light eourcea by shattering the photocathode during the time puleed biaa is

applied to tke MCP and/or phosphor.

IV. Summary of study cmclus? Jm.

We added pubed bias to both Vh and Vmm of ● CIT for configuration where the dc potential

On Vmm, V&, and VPh w~ verid Fobwing are the main results of our experiments: (1) The

photocathode respouded, ae predicted, like ● photodiode. Inclnsion of ● pulsed component of Vk

allowed it to be operated beyond ita normal biaa range. In thie mode, the CIT gain increaeed

by about 50% without SNR degradation; (2) When the MCP operated in the lower part of its

biae range, its gain followed about a ninth-power dependence on Vmm. The gain did saturate, but

only for total biaees well above the limit of dc bk that the MCP could tolerate. The puleed-biea

component on Vmm added about s factor of 30 to the system gain for the nominal de biac aettinga

of the CIT; (3) The output signal wu Iiaearly dependeat on V@ for nominal valuea of Vmm ad

V&. Increuing the value of V* ~ 10% did not damage the tube; (4) Adding pulsed components

to both Vmm and Vh and operating VA 10% higher than normal can imcre- the CIT gain by ●t

le-t ● factor of 50 without signMcantly aibcting the SNR ratio. Thie technique ia applicable to the

study of traaaientc that are shorter in duration than the biaaing pulae~. CITS specially deeigned to

exploit pulsed-biasing techniques will probably operate at even larger gain increeses.
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mgureCaptionm.

Fi. L Diagram of tha &ant tiup used to acquire pldd- gain dat%

Fig. 2. Reeults of applyiug puhd biae to the photocathode. Upper curve: mu data; lowercume:

mw data divided by the eeconduy. cmhioa ratio of the 5retetage d the MCP.

Fig. S. Reeults of applying de wd palsad biu to the MCP.

Pig. 4. Reeulta of applying pulsedbiM to the phoephor,
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